Purpose Pregnancy is a known predisposing factor for central serous chorioretinopathy (CSC). Choroidal thickness (CT) increases in patients with CSC. This study was designed to evaluate CT in pregnant women. Patients and methods This was a prospective study. Fourteen healthy pregnant women and seven patients with pre-eclampsia were included. Twenty-one normal subjects were also recruited. CT was measured using enhanced-depth imaging optical coherence tomography.
Introduction
Pregnancy is considered a risk factor for central serous chorioretinopathy (CSC). The largest case-control study of patients with CSC found an odds ratio of 7.1 in women with prior or current pregnancy compared with their agematched counterparts with no history of pregnancy. 1 However, it is unclear whether CSC is directly caused by pregnancy per se or is related to hormonal hypercoagulability or hemodynamic changes that occur as a result of pregnancy. 2 Pre-eclampsia is a pregnancy-specific syndrome defined by hypertension and proteinuria that may also be associated with a myriad of other signs and symptoms, including oedema, visual disturbances, headache, and epigastric pain. 3 Approximately 5% of obstetric patients develop pre-eclampsia with worldwide mortality rate and a high index of maternal and perinatal morbidity. 4 The visual system is affected, with symptoms in 25-50% of patients with pre-eclampsia. 5 Choroidal vascular hyperpermeability is a major pathophysiology of CSC. However, the use of fluorescein or indocyanine green angiography in pregnant women is limited, because of their teratogenic effects and concerns regarding breast-feeding. Currently, optical coherence tomography with an adaptation of its software for enhanced-depth imaging is expected to enable non-invasive evaluation of the choroid. In a previous study, choroidal thickening with choroidal vascular dilatation was observed in patients with CSC. 6 Thus, we compared choroidal thickness (CT) between pregnant and non-pregnant women using enhanced-depth imaging optical coherence tomography. In addition, CT in pre-eclamptic patients was compared with that in normal subjects and healthy pregnant women.
Materials and methods
This study was conducted to compare subfoveal choroidal thickness (SFCT) and central subfield retinal thickness (CSRT) of 21 eyes of 21 pregnant women (study group) and 21 eyes of 21 normal subjects (control group). All pregnant women were recruited from the Department of Gynecology and Obstetrics at the same university, whereas normal subjects were recruited from the Ophthalmology Clinic. This prospective study was conducted under institutional review board approval and all subjects were consented to participate in study.
Inclusion criteria for pregnant women were: a single pregnancy in the third trimester and no refractive errors 4 − 6.0 or +6.0 D. Pre-eclamptic women, as established by the National High Blood Pressure Education Program criteria, were included in the study group. 3 Pre-eclampsia was determined by increased blood pressure (BP) accompanied by proteinuria after the 20th week of pregnancy. Gestational BP elevation was defined as a BP4140 mm Hg systolic or 490 mm Hg diastolic in a woman who was normotensive prior to 20 weeks of gestation. Inclusion criteria for normal subjects were: childbearing age (20-40 years); no reproductive history; and a normal ophthalmologic exam. Exclusion criteria were: smoking; drug abuse; significant cardiac disease; systemic diseases, including chronic systemic hypertension/diabetes mellitus; noticeable eye disorders, such as glaucoma or retinopathy; or previous ocular surgery, including refractive surgeries.
All subjects underwent full ophthalmic examinations, including a visual acuity test, complete slit-lamp examination of the anterior and posterior segments, and spectral domain optical coherence tomography (Spectralis OCT, Heidelberg, Germany). To obtain images of the choroid, we adopted an enhanced-depth imaging mode, which was provided by the manufacturer (Heidelberg Engineering, Heidelberg, Germany). Transfoveal horizontal and vertical line sections, each composed of 100 averaged scans were obtained for measuring SFCT. Employing the manual caliper provided with the intrinsic Heidelberg software, SFCT was measured at the centre. SFCT was defined as the vertical distance from the hyperreflective line of Bruch's membrane to chorio-scleral junction. When the chorio-scleral interface was not visible on the thick choroid, the outermost hyporeflective area of the choroid was measured. 7 Two SFCT measurements from a horizontal scan and a vertical scan were averaged, and those averaged values were used for statistical analysis. 8 The 6-mm macular map was used to evaluate the central subfield retinal thickness in 1 mm of macular map.
The SPSS software version 18.0 for Windows (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Because the number of subjects was small, Kruskal-Wallis test was used to compare the age and spherical equivalent SFCT, and CRT in eyes of pre-eclamptic patients, healthy pregnant women, and normal subjects. In addition, for post hoc analysis, Bonferroni correction was used to compare SFCT among the three groups. For the comparisons of age and spherical equivalent, SFCT and CST in eyes of pregnant women with those of normal eyes, the Mann-Whitney U-test was used. The change in the CT measurements after delivery in pre-eclamptic patients was analysed using Wilcoxon's signed-rank test. Results are as means ± SD and were considered to be statistically significant at Po0.05. For the power calculation of this study, post hoc power analysis (for P-value of o0.05, total sample size of 42 for a two-tailed hypothesis) demonstrated an observed power of 0.889.
Results
The study group included 14 in the healthy pregnancy group and seven in the pre-eclampsia group, whereas the control group consisted of 21 healthy nonpregnant women.
There was no significant difference in mean age, spherical equivalent or CSRT among the three groups (P = 0.454, 0.789, and 0.722, respectively). In addition, no significant difference in the gestational age between the healthy pregnancy and pre-eclampsia groups was found (P = 0.128, Table 1 ). SFCT in normal subjects, the healthy pregnancy group and the pre-eclampsia group were 264.95 ± 21.03, 274.23 ± 29.30, and 389.79 ± 25.13 μm, respectively; the differences among the three groups were significant (Po0.001). Post hoc analysis revealed that SFCT of the healthy pregnancy group showed no significant difference from that of control group (P = 0.325), whereas SFCT of the pre-eclampsia group was significantly greater than in the control group (Po0.001) and the healthy pregnancy group (Po0.001) (Figure 1a ). Of the seven eyes with pre-eclampsia, only six underwent repeat optical coherence tomography 1 week after delivery. Changes in SFCT in the pre-eclampsia group are summarised in Table 2 . The BP of pre-eclamptic patients in this study was 4140/100 mm Hg at the time of diagnosis of pre-eclampsia. All patients were treated with hypotensive medication. After treatment, BP of pre-eclamptic patients were o140/100 mm Hg, with one exception, at the antepartum examination. In the pre-eclampsia group, SFCT decreased significantly from 381.05 ± 22.96 μm (range, 352.25-406.25 μm) at antepartum to 335.17 ± 9.97 μm (range, 318.75-343.50 μm) after delivery (P = 0.028, Figure 1b) .
Discussion
Previous observations of choroidal vasculature using enhanced-depth imaging optical coherence tomography demonstrated changes in CT in various retinal diseases, including age-related macular degeneration, CSC, and polypoidal choroidal vasculopathy. [9] [10] [11] Choroidal thickening was observed in eyes with CSC or polypoidal choroidal vasculopathy and choroidal atrophy was also noted in eyes with age-related macular degeneration. 6, 12, 13 An association between choroidal thickening and choroidal vascular hyperpermeability was reported in previous studies. 10, 14 The cause of CSC development in pregnant women is not fully understood, and angiographic study is limited with respect to possible transplacental transport or lactation. Enhanced-depth imaging optical coherence tomography enables non-invasive and non-toxic assessment of choroidal vasculature. Here, we hypothesised that the choroid would be thickened in the eyes of pregnant women, because pregnancy itself is considered a risk factor for CSC.
There was no significant difference in CT between the healthy pregnancy group and normal subjects and CT was significantly greater in only the pre-eclampsia group compared with normal subjects. This suggests that pregnancy per se does not increase permeability of the choroid; rather hyperpermeability of the choroid occurs in only some pregnant women.
In previous studies, CSC could occur in healthy pregnant women, for which hormonal hypercoagulability or hemodynamic change during pregnancy is thought to be responsible. 2, 15, 16 In this study, however, there was no significant increase in CT in healthy pregnant women. Thus, we suggest that unknown additional factors such as vascular hyperpermeability, increased body fluid, vascular dilation, decreased colloidal osmotic pressure and changes in prostaglandin levels induce hyperpermeability and lead to CSC in pregnant women.
Alterations in the choroidal circulation and choroidal ischaemia preceding retinal vascular abnormality in pre-eclampsia have been reported. 17, 18 Valluri et al 19 using indocyanine green angiography in pre-eclampsia reported choroidal ischaemia and staining as well as hyperpermeability of choroidal vessels, which suggested severe damage to the choroidal vascular walls. In addition, Sathish et al 18 reported serous retinal detachment secondary to choroidal ischaemia with delayed filling of the choriocapillaries in fluorescein angiograms. These findings are similar to the choroidal alterations in CSC. Hyperpermeability and increased Figure 1 (a) Subfoveal choroidal thicknesses of pre-eclampsia, healthy pregnancy, and control subjects. There was no significant difference between normal subjects and healthy pregnant women (P = 0.325). However, SFCT in pre-eclamptic patients was significantly greater than that in normal subjects (Po0.001) and healthy pregnant women (Po0.001). (b) Change in the subfoveal choroidal thickness of pre-eclamptic women. There was a significant decrease from 383.96 ± 8.87 μm antepartum to 335.17 ± 9.97 μm at 1 week after delivery (P = 0.028).
choroidal pressure as well as a filling delay in the area corresponding to a retinal pigment epithelial detachment were also found in CSC. In addition, these findings in pre-eclampsia may or may not be associated with blood pressure. 18 Few studies have been performed on the relationship between hypertension and CT. Ahn et al 20 reported an increase in subfoveal CT and the accumulation of subretinal fluid followed by a decrease after blood pressure control in their studies of the retinal and choroidal changes in severe hypertension patients. Iwase et al 21 reported that the relationship between choroidal thickness and systolic blood pressure showed diurnal variation. These studies found that CT increased with blood pressure. In this study, the pre-eclampsia group had blood pressure above 140/100 mm Hg when diagnosed with pre-eclampsia, and all showed decreased blood pressure after BP control, except one patient, when CT was measured. Therefore, it is unclear whether the rapid increase or decrease of blood pressure influenced the CT. Pre-eclampsia is believed to be caused by several factors including genetic factor, oxidative stress, increased autoboantibodies against type1 angiotensin II receptor 1, and abnormal trophoblast/decidual interaction to have failure of trophoblastic invasion into spiral arterioles.
As a result, anti-angiogenesis is stimulated, whereas angiogenesis being inhibited to activate leucocytes and endothelial cells leading to the abnormal uteroplacental circulation and increase in resistance to flow within the uterine arteries. This placental dysfunction is not limited to one organ but also has systemic influences such as proteinuria, renal failure, pancreatitis, acute fatty liver, hypertension, cardiac failure, pulmonary oedema, haemolytic anaemia, thrombocytopenia, and intracranial haemorrhage. 22 It could be inferred that choroidal thickening in the eyes of patients with pre-eclampsia may arise through an identical mechanism. In addition, this finding implies a correlation between the occurrence of CSC in pregnant women and increased CT in pre-eclamptic patients, because increased choroidal hydrostatic pressure contributes to CSC occurrence, and choroidal delayed filling in CSC was reported previously. 6, 10, 23 In this study, a small amount of subretinal fluid was seen in one patient with pre-eclampsia, but it was absorbed after delivery. Note that the systemic hypertension in this patient was controlled 5 days before the ophthalmic examination, and the CT decreased with the disappearance of the subretinal fluid ( Figure 2 ). As subretinal fluid was observed without systemic hypertension or hypertensive retinopathy, the subretinal fluid may not have been due to the hypertensive retinopathy. Therefore, this finding suggests that subretinal fluid in the eyes in pre-eclampsia originates partly from increased hydrostatic pressure due to choroidal thickening. Increased subfoveal CT could be associated with elevated intracranial pressure in pre-eclamptic/eclamptic patients. Previously, the association between subfoveal choroid and the cerebrospinal fluid pressure has been reported. 24 Although it is difficult to measure the actual intracranial pressure in patients with pre-eclampsia/ eclampsia, ocular ultrasonography, and optic nerve sheath diameter measurement suggested that the incidence of increased intracranial pressure in preeclamptic patients would be~20%. 25 Because the choroidal blood drains through the vortex veins and the superior orbital vein, which joins the intracranial cavernous sinus, increased intracranial pressure may have a role in increased choroidal thickness.
Using enhanced-depth imaging optical coherence tomography, Takahashi et al 26 also found no significant difference in CT between pregnant and control groups as seen in our study. By contrast, Sayin et al 27 reported that the CT increased in a normal pregnant group compared with control and pre-eclampsia groups, with no significant difference between the control and pre-eclampsia groups. They explained this by an increase in cardiac output and ocular blood flow in the pregnant group to increase CT and systemic vascular resistance causing no increase in the CT, which was observed in the normal pregnant group. However, according to other studies, the choroidal blood flow changes constantly in the first and second trimesters, when measured by pulsatile ocular blood flow. 28 In addition, gestational age should be considered in studies of pregnant women because systemic and ocular changes persist until the end of the pregnancy. [28] [29] [30] [31] In this study and Takahashi et al, the target subjects were limited to the last trimester, whereas Sayin et al included subjects in both the second and third trimesters, which may have caused the difference. Moreover, as mentioned previously, endothelial cell dysfunction and hyperpermeability are major causes of multi-organ failure in pre-eclampsia. 22 As a result, cytotoxic and vasogenic oedema cause numerous changes in various organs, such as cerebral, pulmonary, and generalised oedema. Therefore, it is thought that the choroid may have increased interstitial oedema and CT in the same process as other organs. Finally, the target subjects with pre-eclampsia in this study were screened by examining patients with severe pre-eclampsia who required Caesarean sections before the planned birth date when they were hospitalised, which could have resulted in the more significant choroidal vascular hyperpermeability observed in pre-eclampsia vs that seen in previous studies.
In this study, there were no significant differences in CSRT among the three groups. Demir et al 32 reported no significant difference in CSRT between 40 healthy pregnant women in the third trimester and 40 normal subjects. However, Cankaya et al 33 showed that CSRT in the second and third trimester groups was significantly greater than in the first trimester and non-pregnant groups. In addition, they suggested that the increased volume of fluid in the body secondary to hormonal change may induce an increase in CSRT. This discrepancy was related to the fact that CSRT was defined as a retinal thickness of 1-mm diameter on a macular map by both Demir et al 32 and by us, whereas it was defined as a retinal thickness of 3 mm diameter by Cankaya et al. 33 A limitation of this study is the small number of subjects. In addition, the follow-up visit after delivery did not occur in many cases because of the inconvenience and disability after delivery. Another limitation was the relatively high prevalence of pre-eclampsia. As this study was conducted in a tertiary hospital, the prevalence of pre-eclampsia in the study group was too high to be generalised.
Although systemic changes in pre-eclampsia patients such as increase in vascular resistance are alleged, little is known about changes in choroid and retina. This study suggests that eclampsia may increase CT, although pregnancy itself does not.
